BONE transplantation in so far as the lower jaw is concerned is a surgical procedure of long standing, yet when one looks back uipon the relative infrequency of this operation in civil practice, one realizes the unexampled opportunities afforded us by the large number of cases of war injuries of the mandible. During the past three years the surgeons doing this work have made a careful and uninterrupted study of all the various phases of the problems arising in cases of severe fractures of the lower jaw. Within a few days of being wounded most of these cases have come to a special jaw injury centre for treatment. We are all aware of the excellent results obtained by this poli.cy of segregation, for the large percentage of cases attaining bony union and good function testify to the skilful splint treatment rendered by the dental surgeons specializing in this work. In those cases in which X-ray and clinical examinations would seem to show such an extensive bony loss that union could not reasonably be expected, we are strongly of the opinion that continued surgical supervision and close co-operation with the dental surgeon are of prime importance.
possible by frequent mouth-washes and irrigation of pockets and sinuses. We are convinced that too much stress cannot be laid upon the evil effects of curetting the fragments. Our policy has been to encourage free drainage of the sinuses present without disturbing the comminuted fragments, removing sequestra from time. to time as they are found to be separated. The increasing number of very severely comminuted fractures resulting in bony union confirms our belief in the merits of such conservative treatment. Displacements of the fragments should be corrected by dental splints as early as possible and when there is a remote possibility of union taking place, it is advisable to secure additional immobilization by the construction of a dental splint for the upper jaw, to which the splinted lower jaw, in correct occlusion, may be fixed, by means of an interlocking device. The prevention of displacement and the control of edentulous posterior fragments are of great importance in the early stages and in many cases may be most difficult. The usual methods employed are posterior extensions from the lower or the upper splints. Other methods, of which we have had no experience, are the malar-coronoid screw fixation, described by Major H. P. Pickerill, N.Z.M.C., and that of Bruhn and Lindemann, who, by an external operation, expose the posterior fragment, to which a wire is fixed by means of washers and a nut. This wire is attached to the mandibular splint by means of -a bar extension. It is usually not advisable to keep the mouth closed by splints for more than two months, for after that time the-careful exercise of function seems to promote increased bone formation in those cases in which some degree of union m-ay take place. Where non-union is obvious, the early use of the jaws is advantageous in that atrophy and extra-articular ankylosis are prevented. In many cases this is accomplished by the insertion of a small splint on one fragipent with a flange extension whieh maintains correct occlusion yet allows free opening of the jaws. A careful examination of the teeth should be made, extracting such as are sources of infection, and those that are too close to the lines of fracture, and preserving those that will be of service in the immobilization of the parts when the bone-graft is performed. The latter point is of great importance, and every care should be taken in the early treatment to prevent undue strain upon the essential teeth. Careful examination should be made at regular intervals, to ensure efficient drainage as long as external or alveolar sinuses are existent, and, to determine as accurately as possible, and record the date at which the external and alveolar sinuses have finally become healed. WHEN TO OPERATE. Clinical and bacteriological evidence has shown that operations should not be performed until at least six months have elapsed after the complete disappearance of all inflammatory phenomena. Further delay is of benefit in those cases in which the ununited fragments are strong, easily controlled, and fair powers of mastication may be obtained by means of dentures or splints. In the case of edentulous or short posterior fragments that are controlled with difficulty, bonegrafting should be performed at the end of six months, in order to prevent atrophy, displacement or fixation of the free fragment. Without doubt some of the failures reported in the literature, may be attributed to operating at too early a date.
THE TRANSPLANTATION Op BONE.
The consensus of opinion appears to be that the transplanted bone has varying, but extremely important, osteogenetic properties. Gallie and Robertson [2] have shown that this is due to the osteoblasts present on the periosteal and endosteal surfaces and in the open mouths of the Haversian canals, which are in a pdsition to absorb nutriment from the bathing lymph. As osteoblasts are most numerous on the endosteal surface, they recommend that grafts should include periosteal and endosteal surfaces. Albee [1], for the same reason, advises a bonegraft consisting of all its elements as it approaches more closely a complete physiological unit-especially in reference to nutritional distribution-which is obviously an advantage. With regard to the osteo-conductive property of transplanted bone, Gallie and Robertson state that the rapidity of absorption and replacement of the graft depends on its size, density and the abundance of the supply of osteoblasts that survive on the surface, the replacement being slower in very thick grafts. With regard to the density of the graft, their experience is that replacement is very rapid in open cancellous bone, such as the rib, less rapid in grafts cut from the face of the tibia, and most, retarded in densely compact bone, such as the crest of the tibia.
The relative osteogenetic activity of the transplanted bone and of the fragments must vary with the individual case, and therefore the principles outlined should be applied surgically in such a way that, full advantage is taken of the osteogenetic properties of the fragments and transplanted bone, and of the osteo-conductive properties of the latter. This will be discussed when describing technique of the operation.
We have not had any experience with osteo-periosteal grafts but have seen many excellent results in the hands of our colleagues at the Queen's Hospital, Sidcup. This method is best suited to cases where the bony loss is slight, or where there is incomplete union. Neither have we used the pedicled graft which Mr. Percival Cole so strongly recommiends, but we intend to use it before long. It might, with advantage, be combined with free iliac crest or tibial grafts or with osteo-periosteal grafts.
We have not had any experience in the use of boiled bone, having confined our work to the use of autogenous free grafts.
TYPES OF FRACTURES AND SPLINTS.
These may be conveniently classified according to the relative difficulty in immobilizing one or both of the fragments. This is shown diagrammatically-in figs. 1, 2, and 3 (pp. 19, 20) , showing the fracture and the general plan of immobilization by dental splints.
Even when specially constructed, dental splints are only capable of very limited modification at, or during the time of, operation. It is preferable, therefore, in most cases to fix the fragments in good position by means of strong dental splints not capable of adjustment, and to carry out the operative technique accordingly.
We have not used the open-bite splint, but expect to do so in the near future, in some cases with edentulous fragments.
The results obtained on this service are in a large measure due to the excellent services rendered by our dental colleagues, Captain B Fixationt of the Fragments.-The necessary dental splints should be cemented to the teeth at least one week before the operation, in order that the mucous membrane of the buccal cavity may become accustomed to them. We have found that frequently small ulcers occur, owing to small irregularities in the splints, the projection of the interlocking devices and the action of the free acid from the cement.
The Anasthetic.-Rectal oil ether anaesthesia, supplemented when necessary by intrapharyngeal ether administered through a nasal tube, has been the method employed in eighteen of our cases. We have adopted this method as a routine in bone-grafting, as one most satisfactory in every way.
Section of Surgery
The Preparation of the Operative Field.-After a preliminary ether and tincture of iodine preparation of the skin, we fix a square piece of sterile dental rubber dam to the cheek and the lower lip, by means of adhesive plaster. By turning this upwards, the mouth is walled off from the, overlying towels, which will be subsequently placed, and soiling -or contamination of them by mucus or saliva is prevented. At the conclusion of the operation, the rubber dam is turned down, covering and protecting the dressing from the fluids of the mouth. The incision is made in accordance with the position' of the bony defect, keeping in mind the desirability of having the closure below the level of the graft rather than directly over it. The non-touch technique intfoduced by Sir Arbuthnot Lane is followed. As soon as the subcutaneous tissues are freely exposed, the skin surface is walled off from the wound. The ends of the fragments are exposed and the periosteum is elevated from their external, inferior and internal surfaces for a distance of 1'5 to 2 cm. on each side of the hiatus. Great care must be taken, particularly on the internal surface, to avoid perforation into the mouth cavity. The height to which the separation may be carried safely may be determined by the previous examination of -the mucous membrane over the ends of the fragments and reference to the X-ray plates.
Preparation of the Fragments.-The ends of the fragments should be trimmed back from 1 to P5 cm. or more, until bleeding, healthy bone is reached. Intervening cicatricial tissue should be excised and discarded. After some experience with electric bone-grafting instruments, circular saws, &c., used in attempting to shape the fragments and graft by the formation of steps, pegs, and dovetailing, &c., with a view to obtaining auto-fixation of the graft, we have discarded these more complicated methods and instruments, in favour of the most simple. Since taking this step, our results have been better. We do not like the peg and hole fixation on account of the fact that the preparation of the hole in the fragments involves the reaming out of the endosteal tissues, which are of greatest osteogenetic importance. Accurate dovetailing and the formation of steps in the fragments of the lower jaw are quite difficult on account of the general contour and variations in the planes of the fragments. When one realizes that but little more than 1 cm. of the external surface of the jaw in a vertical direction may be exposed with safety, the difficulties in the manipulation of electrically driven saws in so small a space are readily appreciated. These methods usually involve the use of the tibia, and we have observed that in order to secure a good mechanical fit the endosteal surfaces of the grafts have been sacrificed. We therefore prepare the fragments by the use of rongeur forceps, our choice being a Friesner mastoid rongeur forceps and Lane's gouge forceps. We attempt to square off the ends as well as possible, and to leave a ledge above the graft which affords additional surface contact between the fragments and the graft. This is shown in fig. la (p. 19) . This method puts a minimum of operative stress upon the interdental splints, precluding any possibility of displacing the fragments from the splints. In the case of gaps, situated anteriorly, a square or butt joint nmay not be readily obtained on account of the contour and planes of the two fragments. A satisfactory overlapping plane joint, can, however, usually be obtained without much difficulty. Similarly some special preparation with overlapping or notching may be found necessary in the case of free posterior fragments, which may, with advantage, be forced backwards and slightly downwards by the graft. When the bed for the graft is prepared, holes are drilled in the fragments through which two short lengths of Belgian iron wire are passed and held by clamnps. Measurements are then taken for the graft. THE GRAFT.
In choosing bone for grafting purposes, we have been guided by the theory that the larger the area covered by osteoblasts in the Haversian canals into which the blood-vessels may project, the better, and the more cancellous the graft is, consistent with necessary strength, the more rapid will be the change from the transformed section of the transplant to the live bone forming bony union. We feel that the bone that fulfils the above requirements best is the iliac crest. The tibial crest, in our experience, has given good results, also the inner surface of the same bone, but according to the theory, the grafting is rather too compact when the tibial crest is used. Further, the patients may be incapacitated for some time, and fractures of the leg at a later date are by no means rare. The rib, in our cases, was not a success, as it seemed to undergo an aseptic absorption, which resulted in a springy mandible, where the graft was long. In these cases, a considerable portion of the outer compact surfaces had been removed before inserting, to allow the fluids of its bed to permeate it. This has also been the reported experience of some German surgeons, and further, in nany cases of other surgeons we have examined, where the rib was used, we have noted the same objection. The iliac crest graft is easily obtained, is very cancellous, strong, and particularly adaptable, as any surface may be used. The crest is easily exposed and the required amount removed by thin chisels and narrow saws. THemorrhage may be free, necessitating firm pressure and the insertion of a rubber-tube drainage. The graft is readily trimmed and fitted to place. Holes are then drilled in each end of the transplant, through which are threaded the wires previously inserted in the ends of the fragments. These are then tightened, fixing the graft firmly in position. The subcutaneous tissues are then united with interrupted mattress catgut sutures, and the skin closed with horsehair. It is important that all haemorrhage should be controlled before closure. Should any slight oozing persist a short drainage tube to the subcutaneous tissues may be left in position for twenty-four hours. The technique we have employed for incomplete alveolar union is similar, as shown in fig. 4a . For incomplete basilar union, we have used the tibial inlay graft, as in fig. 5a (p. 21) .
POST-OPERATIVE COURSE-TREATMENT-COMPLICATIONS.
The patients are kept on a fluid diet for a few days, after which ordinary minced diet may be ordered. It is advisable to keep the iliac crest cases in bed for a period of ten days or two weeks, in order to avoid the formation of haematomata which may become infected. In several of our cases slight infection occurred, which, under treatment, healed nicely without any ill effects. The facial incisions healed per primam in fifteen out of our twenty-three bone-grafts of the lower jaw. In two, slight suppuration necessitated the removal of the wires, and the grafts were removed in four cases. The splints are left in position keeping the mouth closed for two months. If both fragments are well controlled by the lower splint, the mouth may then be left open and function exercised carefully. If the posterior fragment is free, it seems advisable to keep the mouth closed for three or four months. During this period the splint-pins may be removed at intervals, and the mouth opened for examination. We have been removing the splints about four months after operation. In some of our cases splints have been left on for a much longer period on account of the fact that the patients were away on extended furlough. The time of removal of the splints is more or less governed by the progress shown in the X-ray. M-12 RESUME OP CASES SHOWN.
Ten patients were shown. Two had some degree of alveolar union, with slight but definite movement at the site of fracture after a year or more of observation, and the operations were performed with the view of obtaining strong union. In one of them infection occurred, necessitating the removal of the tibial graft. A large amount of new bone yvas, however, laid down, resulting in strong bony union. The second was an iliac crest graft, in which strong bony union was obtained. In the remaining eight patients (nine grafts), separation of the fragments, -varying from 05 cm. to 6 c.m., was found at operation. Both fragments were well immobilized by the splints in three cases, and strong bony Aunion, with good function, was obtained (one tibial and two iliac crest grafts). In one case the posterior fragment was displaced from the splint at the time of operation. An iliac crest graft with hole and peg fixation at one end was used. Union has progressed very slowly, but is finally becoming bony. The functional result is good. In one patient, immobilization was most difficult and imperfect on account of the few -remaining teeth being weak and the absence of upper teeth. The connective tissue bed for the graft was thin, containing considerable *scar tissue. A bent, split, rib-graft was used. Following the operation there was a recurrence of a salivary fistula, accompanied by slight ,suppuration, necessitating removal of one of the wires. The parts are .now well healed and the graft is in position. The result is in doubt.
The posterior fragments were not controlled in three cases (four grafts). In one (iliac crest), the functional result is good, but strong manipulation reveals a definite spring between the graft and the anterior fragment. In the zemaining two cases (one double-graft tibial and one iliac crest), union progressed very slowly, but finally 'complete bony consolidation took place.
CONCLUSIONS.
(1) Bone-grafting of *the lower jaw is an operative procedure, whereby union of the fracture and restoration of function may be expected in a large percentage of cases.
(2) Complete co-operation and careful attention to every detail by the dental surgeon and the surgeon concerned are essential from the "early treatment," to the " final " stage.
(3) Full advantage should be taken of the osteogenetic activity of the fragments, and of the transplanted bone, and also of the osteo-conductive properties of the latter. The iliac crest is, in our experience, best suited in most cases for the bridging of defects in the lower jaw.
(4) The operation should be made as simple as possible, the object being to obtain good contact of the graft to fresh, healthy bone of the fragments, maintaining the same firmly in position by wiring.
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